Abstract: We present a system, which is based on a new external, polarization-insensitive differential interference contrast (DIC) module, specifically adapted for detecting defects in semiconductor wafers. We obtained defect signal enhancement relative to the surrounding wafer pattern when compared to bright-field imaging. The new DIC module proposed is based on a shearing interferometer, which connects externally at the output port of an optical microscope, and enables imaging thin samples, such as wafer defects. This module does not require polarization optics (such as Wollaston or Nomarski prisms), and is insensitive to polarization, unlike traditional DIC techniques. In addition, it provides full control of the DIC shear and orientation, which allows obtaining a differential phase image directly on the camera (with no further digital processing), while enhancing defect detection capabilities, even if the size of the defect is smaller than the resolution limit. Our technique has the potential of future integration into semiconductor production lines.
Introduction
Detecting defects in semiconductor wafers is a crucial step during the wafer manufacturing process and defects escaping detection have significant financial meaning. In contrast to using scanning electron microscopy (SEM) or atomic force microscopy (AFM) as wafer defect inspection tools, optical imaging tools are faster, simpler and less expensive. Thus, although providing lower resolution capabilities, optical imaging tools are preferred as a first step of detecting 'hot spots' of defects before sending selected wafers to SEM or AFM. Critical dimensions of semiconductor wafer architectures continue to reduce far below the optical resolution limit and so do the manufacturing defects [1], making defect detection very challenging for optical inspection tools. While increasing the optical resolution is one approach, the actual limiting factor for defect detection is the optical system noise [2] . Thus, detection sensitivity improves if the noise level in the system reduces.
Many defect inspection tools rely on the wafer periodic pattern, and subtract between seemingly similar areas on the wafer along the defect inspection pipeline. The subtraction image enhances irregularities in the wafer pattern, and if any defect is present it will be revealed in the subtraction image, given the defect signal is stronger than the noise of the subtracted periodic pattern [3] [4] [5] [6] [7] [8] . It is therefore important to enhance the defect signal over the pattern signal, as early as possible, hopefully during the image acquisition stage of the inspected area.
Optical detectors such as digital cameras are sensitive to optical intensity, but are insensitive to optical phase changes. Such phase changes, originate from the slight delay of light interacting with the sample. This light delay is directly proportional to spatial changes in thickness, refractive index of the sample, or in both. When imaging wafers, the phase distribution of an optical wave reflecting from the wafer indicates its surface topography. Irregularities in the wafer topography indicate defects in the wafer fabrication process [3, 4, [9] [10] [11] and can damage the final semiconductor device. Without imaging phase variations, vital information about the wafer pattern is lost.
Differential interference contrast (DIC) microscopy [12, 13] uses light interference to view optical phase variations across the sample. In a typical DIC microscope, a linearly polarized beam is split into two orthogonally polarized, mutually-coherent and laterally shifted beams using a Nomarski or a Wollaston prism [14] . The two orthogonally polarized beams illuminate the sample with a lateral shear between them, which is typically smaller than the optical diffraction limit. After interacting with the sample, another identical prism is used to combine the beams, and to align their polarizations. The result is an interference image, which represents the spatial phase gradient along the direction of the shear [15] .
Over the years, different DIC setups have been developed, such as Köhler-DIC and Plas-DIC [16] . However, these setups require accurate calibration and part of them relies on polarized light, using Wollaston prism to split and/or combine the beams before and after the sample, making it difficult to image birefringent samples. Although is the e image of pinho ; ) n q are the norm defined in [16] . I as a simple geom amera detects on artially coherent i 
